Aims/Introduction: The present study analysis was carried out to evaluate the safety and efficacy of tofogliflozin, a sodium-glucose cotransporter 2 inhibitor, in Japanese patients with type 2 diabetes mellitus in real-world clinical practice. Materials and Methods: This was a 3-year non-interventional observational study of patients with type 2 diabetes mellitus newly administered tofogliflozin who were uncontrolled on current therapy. We carried out a 12-week interim analysis of tofogliflozin as part of 3-year post-marketing surveillance study. The incidence of adverse drug reactions was evaluated as a safety end-point. As efficacy end-points, glycated hemoglobin and bodyweight were evaluated. Results: A total of 6,897 patients were enrolled. Tofogliflozin significantly reduced mean changes from baseline glycated hemoglobin (-0.63%, P < 0.0001) and bodyweight (-2.02 kg, P < 0.0001). The change in glycated hemoglobin and bodyweight reductions in response to tofogliflozin was consistently observed in all body mass index subgroups. Adverse drug reactions occurred in 345 of 6,712 patients (5.14%). There was a low incidence of adverse drug reactions known to be associated with sodium-glucose cotransporter 2 inhibitors, and they were reported as non-serious. The incidences of polyuria/ pollakiuria were higher in patients aged ≥65 years than <65 years, and were significantly different among estimated glomerular filtration rate subgroups. Urinary tract and genital infections occurred more frequently in women than in men. Conclusions: Tofogliflozin was well tolerated, and no emerging new safety concerns were observed. Tofogliflozin significantly improved glycemic control with no impact on bodyweight gain. The short-term administration of tofogliflozin is considered to have a favorable benefit-risk profile in Japanese patients with type 2 diabetes mellitus.
INTRODUCTION
Type 2 diabetes mellitus is a complex metabolic disorder characterized by an imbalance between insulin secretion and insulin activity associated with chronic hyperglycemia 1 . The primary aim of diabetes management is to control blood glucose as close as possible to the normal level, and thereby prevent the onset and the progression of micro-and macrovascular complications associated with hyperglycemia [2] [3] [4] [5] [6] . Comprehensive consideration of patient characteristics, such as age, obesity and complications, and the profile of glucose-lowering agents, such as efficacy/safety and mechanism of action of glucose-lowering agents, are important for selecting appropriate therapeutic options for patients with type 2 diabetes mellitus. Currently, insulin secretagogues, thiazolidinediones, biguanides and a-glucosidase inhibitors as oral antidiabetic drugs, as well as insulin products and glucagon-like peptide-1 receptor agonists, are widely used for the treatment of type 2 diabetes mellitus in many countries including Japan [7] [8] [9] . However, despite the large options to manage diabetes, a large portion of patients is currently uncontrolled 10 . In addition, it is well known that unfavorable side-effects, such as relatively high incidence of hypoglycemia events 11 and weight gain 12 , are observed in the treatment of patients with type 2 diabetes mellitus. Therefore, new types of glucose-lowering agents aimed at improving glycemic control, without increasing bodyweight and with a good safety profile, are required for the long-term treatment of type 2 diabetes mellitus patients. Recently, new oral sodiumglucose co-transporter 2 (SGLT2) inhibitors have been approved as a novel therapeutic option for type 2 diabetes mellitus 13, 14 . SGLT2 inhibitors improve glycemic control by increasing urinary glucose excretion through inhibition of renal glucose re-absorption, regardless of insulin secretion [14] [15] [16] [17] . Also, SGLT2 inhibitors are considered to have the potential to address some of the remaining unmet needs to lower the risk of hypoglycemia and weight gain associated with treatment with existing glucose-lowering agents, such as insulin products 12, 13 . Therefore, SGLT2 inhibitors are expected to serve as new therapeutic options for type 2 diabetes mellitus.
Tofogliflozin, an SGLT2 inhibitor, was approved in Japan as a treatment for type 2 diabetes mellitus in 2014 18, 19 . The good efficacy and safety profiles of tofogliflozin were shown in Japanese patients with type 2 diabetes mellitus in previous studies, including randomized trials [20] [21] [22] . As urinary glucose excretion depends on the degree of estimated glomerular filtration rate (eGFR), diabetes patients with renal impairment are less likely to respond to SGLT2 inhibitors 23 . In "Recommendations on appropriate usage of SGLT2 inhibitors" issued by a Japanese expert committee in May 2016, it was recommended that careful attention be paid to serious adverse drug reactions (ADRs) of SGLT2 inhibitors, including hypoglycemia, urinary tract and genital infections, ketoacidosis, dehydration, and skin disorders 24 . However, as there is only limited information from clinical trials on SGLT2 inhibitors in Japanese patients, and clinical experience with long-term treatment using SGLT2 inhibitors is limited as compared with existing glucose-lowering agents, further information on the long-term safety and efficacy of tofogliflozin in a large number of Japanese patients in real-world clinical practice is required for achieving optimal management of type 2 diabetes mellitus.
The present analysis was carried out to evaluate the early safety and efficacy of tofogliflozin at 12 weeks after starting treatment in Japanese patients with type 2 diabetes mellitus.
METHODS

Patients and survey method
The Japanese Study of Tofogliflozin with Type 2 Diabetes Mellitus Patients/Long Term (J-STEP/LT) was designed as a prospective, 3-year observational and multicenter post-marketing study, and was co-sponsored by the manufacturers (Sanofi K.K. and Kowa Company, Ltd.) to evaluate the safety and efficacy of two tofogliflozin hydrate products, Apleway â 20-mg tablet (Sanofi K.K., Tokyo, Japan) 18 and DEBERZA â 20-mg tablet (Kowa Company, Ltd., Nagoya, Japan) 19 . The overall study period was planned from September 2014 through February 2019. As a part of this long-term study, we evaluated the early safety and efficacy of tofogliflozin at 12 weeks after the initiation of treatment. This study was carried out using a centralized registration system for patients with type 2 diabetes mellitus newly treated with tofogliflozin. A total of 6,897 patients were enrolled between September 2014 and November 2015.
The study was carried out in accordance with the ethical principles of the Declaration of Helsinki and Good Post-marketing Study Practice without intervening in the dosage and administration of tofogliflozin. The patients' consent and approval of study protocol by each participating center's institutional review board in Good Post-marketing Study Practice are not required, and we did not obtain patients' consent. The approved dosages and administration in the package of Apleway â 20-mg tablet 18 and DEBERZA â 20-mg tablet 19 are described as follows: "normally, tofogliflozin (20 mg, once daily) in adults is orally administered once daily before or after breakfast."
Survey items
The safety and efficacy data were collected from patients using an Electronic Data Capture system in a post-marketing study. Demographic and baseline characteristics collected were sex, age, duration of diabetes, glycated hemoglobin (HbA1c), fasting plasma glucose (FPG), plasma C-peptide, height and bodyweight, plasma creatinine (Cr) for calculating eGFR (mL/ min/1.73 m 2 ) = 194 9 Cr -1.094 9 age -0.287 (men) or 194 9 Cr -1.094 9 age -0.287 9 0.739 (women), complications, pre-treatment with glucose-lowering agents, daily doses and treatment duration of tofogliflozin, and concomitant glucose-lowering and non-glucose-lowering agents. We also collected the information on incidences of ADRs including those defined as special interest (hypoglycemia, polyuria/pollakiuria, volume depletionrelated events, urinary tract infection [UTI], genital infection and skin disorders), laboratory test values including eGFR, vital signs (systolic and diastolic blood pressures, and pulse rate) and urinalysis results, as well as efficacy data (HbA1c, FPG, plasma C-peptide, bodyweight and waist circumference) after tofogliflozin treatment.
were considered to be related to the investigational drug. Multiple occurrences of the same events in one patient were counted only once. The incidence of ADRs, the period of ADR occurrence, severity and outcomes of administering the investigational drug were collected from the initiation of tofogliflozin treatment until 12 weeks after the initiation of treatment. The causal relationship of the investigational drug with adverse events and the severities of these events were assessed by the investigators at each facility. Individual ADRs were coded according to the Medical dictionary for regulatory activities (MedDRA) version 20.0, and classified according to System Organ Class and Preferred Term. Clinical laboratory (hematological and biochemical) values, vital signs and urinalysis results were evaluated at baseline, and at 4 and 12 weeks after the initiation of tofogliflozin treatment, or at the last observation carried forward (LOCF). In subgroup analysis, the influences of age, sex and eGFR at baseline on the incidences of hypoglycemia, polyuria/pollakiuria, volume depletion-related events, UTI, genital infection and skin disorders defined as ADRs of special interest were evaluated.
Efficacy
The efficacy of tofogliflozin was evaluated based on mean changes from baseline in HbA1c, FPG, plasma C-peptide, bodyweight, waist circumference, body mass index (BMI) and eGFR. These efficacy parameters were measured at baseline, and at 4 and 12 weeks after the initiation of tofogliflozin treatment, or at the LOCF. In the subgroup analyses, the influences of baseline eGFR and BMI on HbA1c and bodyweight after tofogliflozin treatment were evaluated at the LOCF.
Statistical analyses
The safety analysis population was defined as all patients for whom electronic case report forms were collected, excluding those with no visits after the first administration of tofogliflozin. The efficacy analysis population included all patients in the safety analysis population, excluding those with no efficacy data. The mean differences in HbA1c, FPG, plasma C-peptide, bodyweight, waist circumference, BMI and eGFR from the baseline to the LOCF were analyzed using the paired t-test. In subgroup analyses, patient background factors that affected ADRs of special interest were analyzed using Fisher's exact test, which was used when background factors to be studied were recorded using nominal scales, and the Cochran-Armitage test for those of an ordinal scale. All the tests were carried out with a significance level of 5%. The statistical analyses were calculated using statistical analysis software (SAS) version 9.3 (SAS Institute Japan Ltd., Tokyo, Japan).
RESULTS
Patient disposition
The patient disposition is shown in Figure 1 . A total of 6,897 Japanese patients at 1,258 study sites were enrolled, and electronic case report forms were collected from 6,818 patients. In total, 6,712 patients, excluding 106 patients (enrolment failure in 64 patients and no visit after the first treatment in 42 patients), were evaluated as the safety analysis population, and 6,321 patients, excluding 391 patients lacking efficacy data, were evaluated as the efficacy analysis population. A total of 641 patients (9.55%, no duplicate patients) in the 6,712 safety analysis population discontinued tofogliflozin treatment. The main reasons for treatment discontinuation were adverse events (208 patients, 3.10%), no visit (163 patients, 2.43%), patient choice (140 patients, 2.09%) and insufficient or no response (83 patients, 1.24%).
Patient characteristics
The patient characteristics of the safety analysis population are shown in Table 1 , and the proportion of patients with eGFR of <90 mL/min/1.73 m 2 was 48.3%. As for diabetic complications, the rates of patients with diabetic retinopathy, nephropathy and neuropathy were 7.97, 21.0 and 9.24%, respectively. A total of 5,221 patients (77.8%) received concomitant glucose-lowering agents. The majority of patients used oral antidiabetic drugs, including mainly dipeptidyl peptidase-4 inhibitors (55.8%), biguanides (40.6%) and sulfonylureas (26.6%), and the mean number of concomitant oral antidiabetic drugs per patient at baseline was 2.0 -1.0. Insulin products, glucagon-like peptide-1 receptor agonists and diuretics were used by 11.2, 3.31 and 6.26% of patients, respectively. The baseline demographic and metabolic characteristics for the efficacy analysis population were similar to those of the safety analysis population (data not shown). 
Safety
The incidences of all ADRs and all ADRs of special interest are shown in Tables 2 and 3 , respectively. ADR was reported in 345 (5.14%) of 6,712 patients. The most common ADRs of special interest (indicated by † in Tables 2 and 3) were pollakiuria (38 patients, 0.57%), followed by hypoglycemia (25 patients, 0.37%), cystitis (21 patients, 0.31%), pruritus genital and dehydration (16 patients each, 0.24%), and UTI (14 patients, 0.21%). Most ADRs were non-serious, and serious ADRs were reported in 30 patients (0.45%). The serious ADRs were UTI and acute myocardial infarction (3 patients each, 0.04%), and dehydration and hypoglycemia (2 patients each, 0.03%). Of 25 patients (0.37%) who experienced hypoglycemia, including two patients (0.03%) with a serious event, eight patients (0.12%) and eight patients (0.12%) were co-treated with insulin products and sulfonylureas at the occurrence of hypoglycemia, respectively. The information regarding the severity of hypoglycemia, patient outcome and concomitant use of antidiabetic drugs at the occurrence of hypoglycemia in 25 patients with hypoglycemia (including two patients with serious hypoglycemia) is shown in Table S1 . Also, of 24 patients with volume depletion-related events, two patients (0.03%) were co-treated with diuretics. Three patients (0.04%) died during the study period, but these deaths (suicide [two patients] and pancreatic cancer [one patient]) were considered by the investigators to be unrelated to tofogliflozin. Furthermore, ADRs leading to treatment discontinuation are shown in Table S2 . In subgroup analyses, the influences of age, sex and eGFR at baseline on the incidences of ADRs of special interest were evaluated (Figure 2) . A higher incidence of polyuria/pollakiuria was observed in patients aged ≥65 years than in patients aged <65 years, and the difference in the incidence was significant (P = 0.0174). There were no significant differences in the incidences of hypoglycemia, volume depletion-related events, UTI, genital infection and skin disorders between patients aged <65 years and ≥65 years. UTI and genital infection were more common in women than in men (P < 0.0001), but no significant differences were observed in other ADRs of special interest between men and women. There was a significant difference in the incidence of polyuria/pollakiuria among eGFR subgroups (P = 0.0414), and the incidence tended to be higher in patients with eGFR <60 mL/min/1.73 m 2 than patients with eGFR ≥60 mL/min/1.73 m 2 . There were no significant differences in the incidence of other ADRs of special interest among eGFR subgroups.
Detailed clinical laboratory testing and urinalysis results are shown in Table S3 . Increases in hemoglobin, hematocrit, Na, Cl, Mg, phosphorus levels and high-density lipoprotein cholesterol, and decreases in total cholesterol, non-high-density lipoprotein cholesterol, triglyceride and uric acid levels from baseline to the LOCF were observed (P = 0.0330 to P < 0.0001).
Efficacy
The effect of tofogliflozin on HbA1c, FPG, bodyweight, BMI and eGFR is shown in Table 4 . Tofogliflozin significantly reduced HbA1c and FPG, and mean changes from baseline to the LOCF in HbA1c and FPG were -0.63 -1.11% (P < 0.0001) and -31.9 -59.2 mg/dL (P < 0.0001), respectively. Bodyweight, waist circumference, BMI and eGFR were also decreased after tofogliflozin treatment, and the mean changes from baseline were -2.02 -2.57 kg (P < 0.0001), -0.75 -0.95 kg/m 2 (P < 0.0001) and -1.49 -11.0 mL/min/1.73 m 2 (P < 0.0001) for bodyweight, BMI and eGFR, respectively.
In the subgroup analyses, the influences of baseline eGFR and BMI on HbA1c and bodyweight in patients treated with tofogliflozin were evaluated (Figure 3 ). Tofogliflozin produced clinically meaningful reductions in HbA1c ranging from 0.30 to 0.88% in patients with baseline eGFRs 30 to <45 (-0.30 -1.15%, P = 0.0029), 45 to <60 (-0.45 -1.08%, P < 0.0001), 60 to <90 (-0.56 -1.06%, P < 0.0001) and ≥90 mL/min/1.73 m 2 (-0.88 -1.24%, P < 0.0001), respectively, but did not reduce HbA1c in 13 patients with eGFR <30 mL/min/1.73 m 2 (0.05 -0.76%, P = 0.8033; Figure 3a) . Tofogliflozin significantly reduced bodyweight from baseline in all eGFR subgroups (-1.56 to -2.06 kg, P = 0.0031 to P < 0.0001; Figure 3b ). Tofogliflozin produced clinically meaningful reductions in HbA1c ranging from 0.50 to 0.65% in all subgroups regardless of baseline BMI (each P < 0.0001; Figure 3c ). Tofogliflozin significantly reduced bodyweight from baseline in all BMI subgroups (-1.18 to -2.42 kg, each P < 0.0001; Figure 3d ).
DISCUSSION
The present study analysis was carried out to evaluate the early safety and efficacy of tofogliflozin at 12 weeks after starting treatment in Japanese patients with type 2 diabetes mellitus in real-world clinical practice. Tofogliflozin was well tolerated, and the occurrences of confirmed hypoglycemia, polyuria/pollakiuria, volume depletion-related events, UTI, genital infection and skin disorders defined as ADRs of special interest were generally similar to those seen in response to tofogliflozin or other SGLT2 inhibitors in previous studies 17, [20] [21] [22] [25] [26] [27] [28] . Unexpected safety concerns related to tofogliflozin were not identified. Clinically meaningful reductions in HbA1c, FPG and bodyweight were observed in patients treated with tofogliflozin.
As for safety, the most common ADR of special interest observed in the present study analysis was pollakiuria, followed by hypoglycemia, cystitis, UTI, pruritus genital and dehydration. These ADRs were already known to be associated with tofogliflozin and other SGLT2 inhibitors in previous studies 17, [20] [21] [22] [25] [26] [27] [28] . The incidence of confirmed hypoglycemia in these studies was reported to be low due to their insulin-independent actions 29 . The incidence of hypoglycemia was also low in the present analysis, reported in just 25 patients (0.37%), including two patients (0.03%) with a serious event, regardless of age, sex or eGFR at baseline. Most of these patients had been concomitantly treated with insulin products (8 patients, 0.12%) and sulfonylureas (8 patients, 0.12%), which might have contributed to hypoglycemia induction. Similarly, the incidence rates of hypoglycemia occurring with other SGLT2 inhibitors, such as dapagliflozin, empagliflozin and canagliflozin monotherapy, were generally low, but an increased incidence of hypoglycemia was observed when SGLT2 inhibitors were given in combination with insulin products or sulfonylureas 17 . Therefore, when tofogliflozin is used in combination with insulin products or sulfonylureas, dose reductions of these glucose-lowering agents to minimize the risk of hypoglycemia are recommended 18, 19 .Pollakiuria was the most common ADR observed in the present study analysis (38 patients, 0.57%), and the incidence of polyuria/pollakiuria was higher in patients aged ≥65 years than those aged <65 years, and/or tended to be higher in patients with eGFR <60 mL/min/1.73 m 2 than in correspondent other subgroups. However, we could not draw definitive conclusions regarding the effects of low eGFR on polyuria/pollakiuria because of the small number of incidences (eGFR 30 to <45 mL/min/1.73 m 2 , 2 patients; and eGFR 45 to <60 mL/min/1.73 m 2 , 9 patients).Volume depletion-related events were observed in 24 patients (0.36%), and no significant differences in these events were observed among any of the subgroups based on age, sex or eGFR at baseline. In the subgroup analysis of the Japanese post-marketing study, ipragliflozin significantly increased the incidence rates of volume depletion with advanced age (≥75 years), low BMI, impaired renal function and diuretic use 30 . In the present study, the incidence rates of volume depletion were higher in tofogliflozintreated patients with low eGFR (30 to <90 mL/min/1.73 m 2 ) than in those with higher eGFR (≥90 mL/min/1.73 m 2 ). The effects of impaired renal function and diuretic use on volume depletion could not draw definitive conclusions because of the small number of incidences (ADRs with renal impairment: 3 patients; and diuretic use in those with volume depletion: 2 patients). The effects of age on volume depletion also could not draw definitive conclusions because of the small sample sizes and different subgroup. Considering that 420 patients in total had been concomitantly treated with diuretics, but the majority of these patients did not experience volume depletion-related events, diuretics were unlikely to have much impact on the induction of such events. More UTIs and genital infections Values presented as mean -standard deviation. Numbers of patients are in parentheses. BMI, body mass index; eGFR, estimated glomerular filtration rate; FPG, fasting plasma glucose; LOCF, last observation carried forward; HbA1c, glycated hemoglobin. HbA1c (%), mean ± SD (n) Bodyweight (kg), mean ± SD (n) were observed in women than in men after tofogliflozin treatment, and these findings were generally similar to those of tofogliflozin and other SGLT2 inhibitors obtained in previous studies 17, 27, 28 . Based on these safety results, tofogliflozin was considered to be well tolerated. However, as elderly diabetes patients have reduced renal function and delayed recognition of dehydration symptoms, such as thirst, compared with younger patients, close safety monitoring of these patients after tofogliflozin treatment might be required 18, 19 . As for efficacy, clinically meaningful reductions of HbA1c, FPG and bodyweight in response to SGLT2 inhibitors have been reported in type 2 diabetes mellitus patients from both Japan and Western countries [17] [18] [19] [20] [21] [22] . In the present study analysis, significant reductions in HbA1c, FPG and bodyweight with tofogliflozin were observed at 12 weeks after starting treatment, being comparable with those obtained with tofogliflozin in 1,506 Japanese elderly diabetes patients in a prior 12-week interim analysis 27 . Therefore, tofogliflozin is expected as a new glucose-lowering agent achieving not only glycemic control, but also weight reduction. Obesity is particularly well known as one of the major risk factors for the development of type 2 diabetes mellitus 31 , and the rising prevalence rates of type 2 diabetes mellitus are associated with the global increases in overweight and obese patients 32 . In Japan, the percentages of men and women who are overweight/obese (BMI ≥25 kg/m . Therefore, control of the disease by treatment in terms of not only glycemic level, but also bodyweight, is important for the management of type 2 diabetes mellitus. In the subgroup analysis by BMI, there were significant reductions in mean changes from baseline in HbA1c and bodyweight after tofogliflozin treatment in all subgroups. These results show that tofogliflozin can contribute to the management of type 2 diabetes mellitus, especially for overweight/obese patients. As urinary glucose excretion depends on the degree of eGFR, diabetes patients with renal impairment are less likely to respond to SGLT2 inhibitors 23 , and canagliflozin is recommended for patients with eGFR of ≥45 mL/min/ 1.73 m 234 . In our subgroup, tofogliflozin significantly reduced HbA1c and bodyweight in all eGFR subgroups, except for those with severely reduced eGFR (<30 mL/min/1.73 m 2 ). Overall, the efficacy results in the early assessment of the present study analysis suggest that tofogliflozin produces clinically meaningful improvements of glycemic control and bodyweight in patients with type 2 diabetes mellitus. Recently, the clinical benefit of several SGLT2 inhibitors on cardiovascular outcome in type 2 diabetes mellitus patients of has been shown in clinical studies, and consistent effects were also shown in a wide range of subgroups 35, 36 . In addition, the cardiovascular benefit of the SGLT2 inhibitors class was shown in realworld practice 37, 38 . Considering the evidence stated above and results obtained in this analysis, which are similar to those of other SGLT2 inhibitors, tofogliflozin might also have clinical benefit on cardiovascular outcome. However, this would need to be confirmed in a cardiovascular outcome clinical trial of tofogliflozin.
The present study analysis had some limitations. J-STEP/LT is an observational study carried out in a real-world clinical practice. Therefore, the evidence level is not comparable with that of other randomized clinical studies carried out with the application of strict criteria for patient selection, dosage and administration of the investigational drug, and safety/efficacy evaluation points. Another limitation is that the observation period was limited to 12 weeks after the initiation of tofogliflozin treatment, but this long-term (3 years) observational study is currently ongoing and, on completion, we plan to report the results of long-term tofogliflozin treatment. Furthermore, as the present study was carried out in a real-world clinical setting, the use/handling of concomitant drugs, such as sulfonylureas and insulin preparations, was not stipulated. Therefore, we could not rule out the possibility that HbA1c and weight change might have been affected by such concomitant drugs. We cannot draw definitive conclusions regarding the effects of impaired renal function and diuretic use on volume depletion because of the small sample size.
In conclusion, the safety and efficacy of tofogliflozin during 12 weeks after the initiation of treatment in 6,712 Japanese patients with type 2 diabetes mellitus was evaluated in a realworld clinical practice by carrying out an early analysis of a longterm post-marketing study. Tofogliflozin reduced HbA1c and bodyweight significantly. ADRs observed in the present study analysis were generally similar to those of tofogliflozin and other SGLT2 inhibitors identified in previous studies, and no new safety concerns were found. The beneficial efficacy and safety profile of tofogliflozin might contribute to better management of type 2 diabetes mellitus, especially for overweight/obese patients, and provide a potential therapeutic option as monotherapy and combination therapy, especially with insulin treatment.
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